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Consensus statement 

RECOMMENDATIONS FOR THE DIAGNOSTIC ALGORITHM IN LUNG CANCER

Consensus statement of the macedonian respiratory society and the MACEDONIAN ASSOCIATION OF PATHOLOGY
ПРЕПОРАКИ ЗА ДИЈАГНОСТИЧКА ПОСТАПКА КАЈ БЕЛОДРОБЕН КАРЦИНОМ
КОНСЕНЗУС НА МАКЕДОНСКОТО РЕСПИРАТОРНО ЗДРУЖЕНИЕ И НА ЗДРУЖЕНИЕТО НА ПАТОЛОЗИ НА МАКЕДОНИЈА – НАДГРАДЕНО ИЗДАНИЕ
Marija Zdraveska1, Dejan Todevski1, Arben Rexhepi1, Aleksandra Tatabitovska1, Irfan Ismaili1, Slavica Kostadinova-Kunovska2, Magdalena Bogdanovska-Todorovska2, Tome Stefanovski1 and Gordana Petrushevska2
1Macedonian Respiratory Society, 2Macedonian Association of Pathology

Abstract

Lung cancer is the “number one cancer killer” in the world. Its prevalence is associated withsmoking as the primary cause, although air pollution in general and genetic factors are also important. 

The mortality especially from advanced stage lung cancer is still high, although there has been a signi​fi​cant improvement in the past 10 years, mostly due to the introduction of novel compounds such as targeted and immunological treatment. The advances in the treatment of NSCLC have imposed updating of the guidelines for the diagnostic procedure and screening of LC, for the indications for molecular testing as well as for targeted selection of patients who shall benefit the most fromthe novel treatment modalities. 

These recommendations shall fulfil their purpose only if implemented in the educational curriculum and if incorporated in the healthcare system strategies.

Keywords: guidelines, non-small cell lung cancer, molecular diagnosis, diagnostic algorithm
___________________________________________
Абстракт

Карциномот на бели дробови е „убиец број еден“ во светот! Неговата преваленција е асоцирана со пушењето, како примарна причина, но и загадува​њето и генетските фактори играат не помалку важ​на улога.

Морталитетот, особено кај белодробниот карци​ном (БК) во напреднат стадиум, сеуште е многу ви​​сок. Сепак, последните 10 години се забележува зна​чително подобрување на стапката на смртност, кое
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најмногу се должи на воведувањето на новите суб​станци, како што се целната и имунолошката тера​пија. Напредокот во третманот на неситно​клеточ​ниот белодробен карцином наметна и осовреме​ну​вање на водичите за дијагностичката процедура и скринингот на БК, нa индикациите за молекуларно тестирање, како и зa прецизна селекција на па​циенти кои ќе имаат најголема корист од новите модалитети за третман.

Овие препораки ќе ја исполнат својата цел само доколку бидат имплементирани во курикулумот за едукација на докторите, но и ако се инкорпорираат  во националните стратегии на здравствениот систем.

Клучни зборови: Препораки, неситноклеточен белодробен карцином, молекуларна дијагноза, диајгностички алгоритам за белодробен карцином
___________________________________________
Introduction

Lung cancer is the most frequent cause of mortality associated with malignancies in the world [1,2]. The prevalence of lung cancer (LC) evolves impressively and is associated withprevalence of smoking inthe specific population. From a rare, sporadic disease up to the beginning of the XXth century, in the 1980-ies, lung cancer became the type of cancer with the highest incidence in the world. The overall incidence of LC in Macedonia is 34.1/100 000 and in males it is as high as 55.7/100 000 (GLOBOCAN 2018)(3,4).A global problem and one of the main reasons for the high mortality of LC is the diagnosis of the disease in the advanced sta​ges, when the effects of the treatment are limited.

Implementation of active screening for LC contributes to detection of the disease in the early stages, when treat​ment has a higher probability for success, follo​wed by decreasing of mortality for 20-25% [5,6].The cu​rrent recommendations determine that screening with low-dose helical computerized tomography of the chest should be done in all active heavy smokers (≥30 pack/ year history of cigarette smoking [7], or smoking cessa​tion ≤15 years if a former smoker), at age from 55 to 80 years. Other diagnostic methods, such as chest X-ray, sputum cytology, etc. are not recommended for LC screening. 
The exact histological classification and molecular analysis of LC determines the predicted survival, re​sec​tability, type of recommended treatment and prog​nosis of the disease, provides important information on the epidemiologic prevalence of various types of LC and their association to the risk factors, and is a mile​stone for determination of prognosis and further treat​ment of patients. The collaboration between clinicians and pathologists as well as the standardized processing of biopsy samples is of great importance inreaching correct and precise diagnosis. 

Numerous molecular investigations of LC samples ha​ve detected various mutations, relevant because of the possibility of their targeting with immunomodulatory and targeted therapy, which significantly changes the prognosis and survival of patients. The mutations detec​ted in non-small cell LC (NSCLC) are of exceptional importance, especially in adenocarcinoma, found in about 40% of all LC. 
In the squamous type of NSCLC, it is important to detect the presence of the aberrant expression of PD-1 receptor (receptor for programmed death) and its ligands PD-L1 and PD-L2[8].Specific place in the treatment of patients with LC is dedicated to the targeted treatment towards mutations of EGFR, PTEN, PI3K, DDR2, and other genes with thyrosine kinase activity [9]. A large number of driving mutations hasalready been determi​ned in lung adenocarcinoma, for which the contem​po​ra​ry pharmaceutical industry has developed correspon​ding targeted agents. The most investigated are the mutations of the gene for the Epidermal Growth Factor (EGFR), such as mutations L858R, deletion of the exon 19 (Del-19) and T790M [10-16].
For the aforementioned molecular defects (deteriora​tions), targeted therapy (compounds that inhibit the ac​tivity of receptor or tyrosine kinases) is available and shows very good treatment effects in clinical practise (first generation tyrosine kinase inhibitors-TKI, erlotinib and gefitinib, second generation afatinib, and osimerti​nib and rociletinib as third generation TKI targeted to the T790M mutation). In 4-5% of the confirmed ade​no​carcinomas, rearrangement of the Anaplastic Lym​phoma Kinase (ALK) gene is detected. The current guidelines and available studies confirm the effects of crizotinib (first generation ALK inhibitor), alectinib and ceritinib (second generation), whereas the novel formulations such as brigatinib and entrectinib are in finalstage of investigation. ALK inhibitors are often 
efficient in patients with ROS1 mutation, occurring in 
1-2% of Caucasian patients [17,18]. The increasing num​ber of detected genetic alterations and driver mu​ta​tions found in lung cancer patients, and the possibili​ties for targeted treatment, lead to introducing a new, molecular classification of NSCLC [19].

The development and advances in molecular oncology, oncogenesis and targetedtreatment for NSCLC have introduced novel challenges in the treatment of LC, but also higher expectations, especially with regards to the prognosis and course of the disease. The plead of very well defined genetic mutations (mutations of EGFR, ALK, ROS1, KRAS, PD-1, PD-L1, etc.), the wider availa​bi​lity of the methods for molecular testing and the de​ve​lopment of new generations of targeted compounds dictate the need of creation and optimization of diag​nostic algorithms and recommendations determining the exact place for their application in clinical practice [20]. Acknowledging the information on the signify​cant positive effects of targeted therapy on the survival rates and the quality of life of LC patients, the College of American Pathologists (CAP), the International Asso​ciation for the Study of Lung Cancer (IASLC), and the Association for Molecular Pathology (AMP)updated their guidelines concerning the indications and proce​dures for molecular testing of patients with lung cancer [21,22]. These new data in the field of molecular diag​nosis and targeted treatment for NSCLS imposed the need for revising and updating the 2011 Guidelines of the Macedonian Respiratory Society for Diagnosis of LC [23].
Recommendations for the diagnostic steps in lung cancer- clinical aspects

1. Clinical presentation and imaging methods

The clinical manifestations of the disease are determined by the localization and distribution of the tumor. The most frequent symptoms and signs are: cough, wheezing, stridor, dyspnea, atelectasis, pleural effusion, chest pain, pain in the arm and shoulder, dysphonia, important especially if persistingfor more than three months. The incidence of hemoptysis, Horner’s Syndrome (ptosis, myosis, enophtalmus) in smokers over 40 years of age is highly associative for LC.

The patient should be urgently referred to a specialist (pulmologist or internal medicine specialist) in case ofpresentation with bloody sputum, dysphonia, superior vena cava syndrome, and stridor or if chest X-ray shows changes indicative for LC.
2. Performance status of the patient

Classification of patients according to the Karnofski scale is recommended for estimation of the prognosis of each individual patient, and estimation of the effect of treatment. Lower Karnofski score is associated with worse performance, prognosis and survival of the patient [24,25].
3. Non-invasive imaging methods

We recommend the following imaging methods for defining the macro-morphologic features of LC:

1. Chest X-ray (two projections)

2. Computerized tomography (CT) of the chest shows a high level of sensitivity for early diagnosis, scree​ning, and is necessary for determining the further evaluation and diagnostic steps.

3. Chest ultrasound (using a combination of high and low frequency, linear, curved and phase-array probes) -the method represents a useful tool for detection and targeting peripheral and mediastinal tumor masses, pleural effusion and pneumothorax.

4. Positron emission tomography with low dose CT (PET-CT) is a complementary method for defining the stage and further treatment in selected patients, only if indicated bymultidisciplinary boardfor lung cancer.
4. Determination of the clinical stage of NSCLC and TNM classification

Determination of the clinical stage of NSCLC is crucial for estimation of the recommended treatment and prog​nosis of the disease. The classification is calculated by combining the results obtained with high resolution chest CT enhanced with contrast, magnetic resonance of the central nervous system, PET-CT, endobronchial ultrasound guided transbronchial needle aspiration (EBUS/EUS-TBNA), and/or mediastinoscopy (onlyby indication of the boardfor LC).
These guidelines recommend that the determination of the stage of the disease and the decision about further treatment ofeach patient should be reached by a multidisciplinary boardfor lung cancer, composed of at least an interventional pulmologist, radiologist, pathologist, oncologist and thoracic surgeon.

Clinical staging should be done using the TNM classi​fi​cation (VIIIth edition), issued by the American Joint Committee-AJCC [26], the Union for International Cancer Control (UICC) [27]and the International Association for the Study of Lung Cancer-IASCL [25,28].

Methods for obtaining adequate sample for analysis

Optimally, efficient diagnostic approach means ob​taining sufficient amount of vital tissue from the sus​pected lesion, as well as recommendations for rational tissue manipulation by the pathologist, with a final goal to determine the diagnosis of the cancer quickly, precisely and efficiently. The invasive procedures for obtaining the sample can be performed by a pulmo​logist or radiologist (trained for invasive diagnostics), or a surgeon (when the changes are not accessible with the available methods for invasive diagnosis, if con​clusive result was not obtained with minimum invasi​ve procedures, or when dealing with a small solitary pulmonary nodule -T1N0M0, when it is expected that the surgical intervention shall provide diagnosis and radical treatment in one act [29].
The education of the interventional pulmonary spe​cialists should be unified and standardized on state level, and should be performed in a referent University Centre for education in the field of interventional pul​mology. The centres-candidates for education in inter​ven​tional pulmology must perform sufficient number of specific interventions on regular basis (determined by international recommendations for achieving and maintenance of skills) and must have experts withthe highest level of proficiency in the field. The com​pe​ten​cy of these professionals should be regularly estimated according to the international and national educational programs. Education ofyounger candidates should rep​re​sent a continuous process in everyday practise, orga​nized also through dedicated educational courses in the country or abroad. 
The diagnostic methods for obtaining an adequate tissue sample, which should routinely be available,are: 
· Cytologic analysis of the sputum;  

· Fiberbronchoscopy with bronchial biopsy and/or transbronchial biopsy (TBB) and transbronchial needle aspiration (TBNA), also familiar in Macedonia as “perbronchial aspiration biopsy (PBAP)”, accor​ding to the old nomenclature;  

· Rigid bronchoscopy;
· Trans-thoracic “core“-biopsy (TTB), guided by ultra​sound, CT or fluoroscopy and/or fine needle trans-thoracic aspiration;
· Diagnostic pleural thoracocenthesis;
· “Blind” pleural biopsy (by Rammel);  

· Medical thoracoscopy;
· Surgical procedures (mediastinoscopy, video assisted thoracoscopy-VATS, open lung biopsy).   

Optimally, the number of small bioptic samples obtained by endoscopy (bronchial biopsy, TBB) should be 4-6 (from vital tissue without necrosis). Besides obtaining adequate biopsy samples, the intervention should proceed with application of other available techniques, such as fine needle aspiration biopsy, catheter biopsy, brushing, bronchial aspiration, bronchoalveolar lavage. If necessary (necrotic tumour, repeated bronchoscopy because of inadequate previous sampling), 4-6 biop​sies with cryo-probe should be obtainedin the centres which have adequate equipment and trained personnel.

Trans-bronchial needle aspiration, guided by linear or radial endobronchial ultrasound probe (EBUS or EUS) is a complementary method which can be used for diagnosis as well as staging. At least three passes (punctions) of each targeted region are necessary. We recommend targeting every lymph node with sagittal diameter larger than 10mm, detected on CT (not older than 1 month) or larger than 5mm, visualized with EBUS. If PET-CT is provided, all PET- positive lymph nodes should be sampled. EBUS needles, sized 18G and 19 G are preferred.  Samples obtained with 21G needles might not be sufficient for molecular analysis.

The indication for the intervention must be unequivo​cal and brought on the basis of previous complete diagnostic workup of the patient. Whenever possible, the type and timing of the intended procedures should be planned before beginning of the intervention. The purpose, type and possible complications of the inter​vention should be clearly explained to the patient, and signed informed consent must be provided before the intervention. Within the process of obtaining informed consent, the patient (and his family member/s) should also be familiarized with the risk and consequences from not performing the procedure and thealternative possibilities for obtaining diagnosis. The type of anaes​t​hesia/analgosedation should be discussed, recommend​dations should be given for preparation before the intervention and the patient should be informed about theexpectationsof the procedure. 
Prior to performing the procedure, it is essential to estimate the safety of performing the planned inter​ven​tions and the probability of complications (bleeding, pneumothorax, air embolism), taking into considera​tion the general state of the patient, present comorbidi​ties and the accessibility of support from other spe​cialties (conditions for transport, anaesthesia​logy/in​ten​sive care unit, thoracic surgeon), according to the  International Guidelines for Interventional Pulmology and Bronchology of the British Thoracic Society from 2013. It is minimum standard that before every in​ter​ventional procedure is that the patient must have at leasta chest CT (not older than 1 month), recent ECG, gas analyses and basic laboratory (blood count, elec​tro​lytes, glucose, degradation products) with estimated time of bleeding. The patient should be observed for one hour after bronchoscopy with bronchial biopsy, TBNA, bronchoalveolar lavage and brushing, and at least four hours after biopsies with higher risk for complication (TBB, TTB, pleural biopsy). 

The standard time necessary for realization of endo​scopic procedures is from 45 to 60 minutes. In case of need for repeating biopsy (negative or non-conclusive histopathological finding) the repeated intervention should be done by another bronchoscopist.

The report about the intervention should contain the generaldata of the patient, the correct time when the procedure was performed (start and end time), vital pa​rameters before and after the intervention, type of anal​go-sedation and local anaesthesia, data (serial number, type, dimension) of the instrument used,intubation route, detailed description of the macro-morphologic finding and the samples taken, as well as the estimated blood loss. When processing of the material, it should be accompanied by a dedicated form with integrated re​port from the intervention, together with relevant clini​cal information on the patient [25].

Recommendations for pathologic diagnostics and molecular testing for lung cancer

The histological diagnosis and molecular classification of lung cancer are multistep processes:

· Tissue processing of the obtained specimen to paraffin embedded tissue sections

· Histological/cytological and histochemical  analysis

· Immunohistochemical (IHC)/immunocyto​chemi​cal (ICC) analysis

· Molecular characterisation of the tumor.
The recommendations for histological diagnosis and molecular testing in lung cancer represent a complex diagnostic algorithm, which sets a lot of challenges for proper management of patients with lung cancer, due to which every institution should establish a multidis​ciplinary team that will coordinate the optimal app​roach from sampling to adequate processing, in order to enable fast diagnostics and molecular analyses. Obtaining appropriate sample (biopsy or cytological) of tumor tissue is a basic precondition in the diagnosis of LC.

The aim of the pathological evaluation of the lung cancer varies depending on the type of the sample: 1) biopsy or cytological sample for initial diagnosis in cases of suspected lung cancer; 2) operative material, or 3) material for molecular analysis in previously con​firmed diagnosis of NSCLC.

In small biopsies or cytological material intended for initial diagnosis, the main aim is: a) to establish the correct diagnosis according to the Classification of the WHO for lung cancer from 2015[30], and b) to save enough tissue for molecular analyses, especially in patients in advanced stage [31, 32]. 

In small biopsies and cytological material intended for molecular analyses, in previously diagnosed cases or when the disease has progressed after targeted therapy, the main aim is: a) to confirm the initial histological type of the tumor with the use of minimal number of immunohistochemical stains in cases with small-cell transformation or different histological appearance, and b) to save enough material for molecular analyses.

The recommendations for histological diagnosis and molecular classification of lung cancer include: 

1. Recommended terminology and diagnostic proto​cols for lung cancer in biopsy and cytological material

2. Recommendations for handling of cytological and tissue samples.

1. Recommended terminology and diagnostic proto​cols for lung cancer in biopsy and cytological material

WHO Classification from 2015 suggests new standar​dized criteria for diagnosis and terminology of lung cancer in small biopsies and cytological material [32] and at the same time recommends special stainings (IHC/ICC or histochemical / cytochemical) in order to precisely establish the histological type of the tumor. 

Due to the connection between the therapy and the type of the tumor, as well as the need for molecular testing for eligibility to specific therapies, it is recommended to reduce the use of the term “non-small cell carci​no​ma, not otherwise specified” as much as possible, and to classify the tumors according to their specific histo​lo​gical subtype [31,33]. 

IHC can be used for differentiation between the prima​ry lung adenocarcinoma and squamous carcinoma, meta​s​ta​tic carcinoma and primary pleural mesothelioma (especially in pleural samples). The need for molecular classification of lung cancer requires minimal immu​nohistochemical workup for determination of the his​to​logical subtype in cases with poorly differentiated tu​mors without clear differentiation by routine microscopy, and preservation of as much tissue for molecular ana​lyses as possible [33].   

It is recommended to use one marker for adenocarci​noma (TTF-1 or mucin) and one squamous marker (p40 or p63). The tumors that clearly stain positive for TTF-1 are classified as NSCLC, favor adenocarcinoma, and tumors positive for squamous markers are classified as NSCLC, favor squamous cell carcinoma [33]. If these stains are negative, additional evaluation is needed for confirmation of the diagnosis or excluding metastasis. In cases where one population of tumor cells stains for TTF-1, and another population is positive for squamous markers, adenosquamous carcinoma may be suggested, although this diagnosis is recommended for operative materials. If the tumor tissue is inadequate for molecu​lar testing, it is necessary to perform rebiopsy in order to obtain enough material for molecular analyses that dictate the therapy in patients [31]. 

Non-small cell carcinomas without clear morphology of adenocarcinoma or squamous carcinoma or immu​no​expression on markers are classified as NSCLC, NOS. The percentage of these cases should not exceed 5% [34].
The diagnosis of large cell carcinoma should not be used for histological or cytological analysis of biopsy or cytological material, and is recommended for use only for surgical specimens, where the tumor is tho​roughly sampled and analyzed in order to exclude a differentiated component [33].

Metastatic carcinomas of the lungs are almost always negative for TTF-1, except for metastatic thyroid carci​no​ma, where both thyroglobulin and pax 8 are also positive.

Neuroendocrine markers (CD56, Chromogranin and Synaptophysin) should be used for confirmation of neuroendocrine differentiation of the tumor, in cases with neuroendocrine morphology [35]. 

Distinction between lung adenocarcinoma and malign​nant mesothelioma (epithelioid type) is made by corre​lating the clinical appearance, clinical data, imaging studies and immunostains sensitive and specific for mesothelioma: WT-1, Calretinin, CK5/6 and D2-40, as well as markers sensitive and specific for lung adeno​car​cinoma: TTF-1 and Napsin A [36,37].

Other markers that may be helpful for tumor histoge​ne​sis are: breast cancer (ER, PR, GCDFP15, GATA3, Mammaglobin) [19,37], renal carcinoma (pax 8) [19,37], serous papillary carcinoma (pax 8, pax 2 and ER) [37], adenocarcinoma from the gastrointestinal tract (CDX2, CK20) [19,37], thyroid cancer (TTF-1, thyroglobulin, pax 8) [37]. p40 may help in differential diagnosis between epithelioid mesothelioma with pseudosquamous mor​pho​logy and squamous carcinoma. 

2. Recommendations for handling cytological and tissue samples

Close collaboration between pathologists and clini​cians and information on patient’s history is necessary to make the diagnosis, to exclude metastatic disease and to avoid unnecessary consumption of the sample due to the use of wide range of markers to confirm the tumor’s histogenesis. 

Tissue and cytological samples (including pleural liquid) can be used for diagnostic and molecular analyses. Therefore, it is necessary to notify the diagnostic pro​cedure during which the sample is obtained. 

Tissue samples for histological and immunohistochemical analyses

Tissue sample (at least 4-6 biopsy samples) [37] should be placed in fixative immediately, or not later than 60 minutes after the moment of sampling. The samples should be transported on ice and the time-gapuntil be​ginning of samples fixation should not exceed 1 hour. Vacuum packaging of the surgical specimens may pro​long their transportation time (period of cold ischemia) for up to 92 hours, preserving the high quality of the tissue (the vacuum should be sealed and kept at 4oC).

Optimal time of fixation is 24 hours, although minimal and maximal time of fixation varies between 6 and 48 hours. Concentration, pH and presence or absence of buffer in formalin solution used for tissue fixation also influence the quality and results of immunohisto​che​mical and molecular analyses. Most antigens give consistent immunoreaction and superior preservation when samples are fixed in 10% neutral buffered forma​lin (prepared from 4% formaldehyde) with pH value 5 to 7, using phosphate buffer.

Optimal tissue-fixative ratio should be 1:10. The pre​pa​red formaldehyde solution should not be older than two weeks. 

When preoperative diagnosis is not possible or available, frozen section is recommended for primary diagnosis of lung neoplasms. The frozen section diagnosis should be confirmed on paraffin sections after tissue fixation and adequate standard tissue processing. 

Tissue samples should be embedded in paraffin attem​perature between 56-57oC. If there are more samples of tumor tissue, they should not be embedded in one cassette (the tissue should be embedded in two cassettes at least, one of which is used for immunohistoche​mi​cal analyses, and the other for molecular analyses) [33].

It is recommended to make 10 initial unstained slides in order to avoid the need to returnthe paraffin blocks to microtome, thus reducing waste of material and time for diagnosis:

· 2 sections for standard hematoxylin eosin(H&E) staining (the first and the last section);

· 2-4 sections for diagnostic immunohistchemical analyses for determination of the histological subty​pe (up to two markers for distinction between ade​no​carcinoma and squamous carcinoma-TTF-1 and p63 or p40, as well as two neuroendocrine markers in cases where distinction from neuroendocrine carcinoma is needed) [31,39];

· 4-6 sections for molecular testing.

Samples from bone metastases that have been decal​cified by acid reagents known to degrade DNA should be avoided for molecular testing, if possible. 

Cytological samples

Accurate interpretation of cytological materials depends on several factors:

· The method of sampling;
· Appropriate preservation of fluidspecimens prior to processing;
· Preparation of the material for microscopic analysis;
· Staining and mounting of the cell sample.

Individual cells can be collected by exfoliative cytolo​gy (cytology of sputum, bronchoscopic cytological sam​ple, fine-needle aspiration biopsy, FNAB and modifi​ca​tions listed in the text above) and obtained from pleural fluid.Smears are prepared and fixed according to the requirements of the stain that will be used.

Collected fluid (at least 60 mL) [40] should be sent to the pathology laboratory, for further processing (smears and/or cytoblock from the centrifugal sediment) within 30 minutes; or direct smears can be prepared, following the standard procedures.
When using hematological stain, such as May-Grunwald-Giemsa, Diff Quick or Giemsa, the smears need to be air-dried. Rapid stains are particularly useful in preli​mi​nary assessment of adequacy of the sample before the patient is released from hospital.
Fixation in 96% alcohol is used for Papanicolaou (PAP) or H&E staining, enabling good visualization of the nuclear chromatin and cell cytoplasm. Smears haveto be prepared quickly, fixed and stained immediately, in order to avoid artefacts that can compromise specimen evaluation by the pathologist. When sufficient material is aspirated, then more smears can be prepared, some of them can be air-dried or some can be alcohol fixed. Additional smears can also be used for special staining or other ancillary techniques. In addition, the smears should be fixed one after the other, subsequently, immediately after their preparation in order to avoid drying. Preparation of so called cytospin smears with a centrifugation procedure enables the use of immuno​cytochemical methods. The latest system of "liquid-based cytology" opens up new perspectives in the cytological diagnosis of malignant diseases, including lung cancer.
Final cytological diagnosis is based on the integration of the clinical findings before the cytology sample co​llection, the observations during the procedure and the microscopic evaluation. Hence, as with histological diagnostics, the close collaboration between the clini​cian and the pathologist is required. 
Molecular analysis
A correct preanalytical phase procedure, including sam​ple collection, fixation and processing of samples for histological and cytological diagnostics, is required for obtaining high-quality DNA and RNA sufficient for molecular tests. 

For that purpose, it is important that the pathologist marks the most appropriate tumor area of the slide so that the optimum tumor content can be extracted from the paraffin blocks or the tumor cells can be removed from the marked portion of the slide using a scalpel in cases when there is very scarce material. 

If several tissue blocks are available, tumor tissue with least amount of necrosis, blood, mucus or inflammation should be selected. It is recommended that the material tested for mutations contains at least 20-30% tumor cells, which makes the methods of real time PCR and next generation sequencing (that has sensitivity of at least 10% tumor cells)more favourable than the Sanger sequencing method, whichsensitivity is limited to 50% tumor cells in the material tested for genetic alterations [19,41]. The purpose of this approach is to minimize false-negative results.

In the 2018 Guideline Recommendations from the Colle​ge of American Pathologists, the International Asso​ciation for the Study of Lung Cancer, and the Asso​ciation for Molecular Pathology [21], some of the reco​mmendations published in 2013 [22] are reconfirmed, but some are updated due to advanced knowledge for pathogenesis of the lung cancer, and the rapid deve​lopment of target therapy as indicated below. In addi​tion, these recommendations refer to patients with ad​vanced lung cancer (stage IIIB and IV).

1. Along with biopsy material, cytological samples with adequate cellularity and preservation can be used for molecular analysis, especially if cell blocks are available.

2. Low sensitivity technologies that cannot test tumors with less than 50% tumor content should be avoided in order to avoid additional potentially more inva​si​ve procedures for patients, solely to obtain a ti​ssue sample with high tumor content.

3. Set of genes that must be available in all laborato​ries that test lung cancer, as an absolute minimum is: EGFR, ALK, and ROS1. IVD tests should be used.

4. Routine testing of somatic mutations for EGFR and gene rearrangement for ALK in all patients diag​nosed with adenocarcinoma and any carcinoma that has a component of adenocarcinoma is reco​mmended [21]. EGFR and ALK testing can be performed in cases of other types of non-small cell carcinoma that meet certain clinical criteria (young patients, non-smokers) [21]. In addition, the immunohistochemically confirmed protein product for ALK is an alternative method of FISH testing for ALK using 5A4 antibodies (Novocastra) or D5F3 (Ventana) and appropriately validated immuno​his​to​chemical assays. 
It is recommended to performROS1 testing in all pa​tients with lung adenocarcinoma, regardless of clinical characteristics. Immunohistochemical analysis for ROS1 can be used as a screening test in patients with lung adenocarcinoma. Positive immunohistochemical staining for ROS1 should be confirmed by molecular or cyto​genetic method, RT PCR and FISH respectively [21].

Molecular or cytogenetic tests for BRAF, RET, ERBB2 (HER2), MET and KRAS are currently not indicated as stand-alone routine assays. These tests can be used as part of larger testing panels or when routine tests for EGFR, ALK and ROS1 are negative [21].

Revised recommendations for the diagnosis and treat​ment of lung cancer patients have introduced immuno​modulatory therapy as a novelty in the treatment of lung carcinoma, which significantly improves the out​come of the disease in a subset of patients with advan​ced lung cancer. Therefore, this therapy is approved as a second-line therapy for advanced lung cancer pa​tients or as first-line therapy for patients with high level of PD-L1 expression that are negative for EGFR and ALK mutations. Thus, in squamous cell carcinoma pa​tients, it is recommended to provide samples for PD-L1 analysis (1 section for immunohistochemical analysis and 1 section for molecular analysis). Ideally, tissue sec​tions for this analysis contain tumor tissue, intervening stroma and inflammatory cells (T-lymphocytes) [21]. Administration of specific therapy requires evaluation protocols with given cut-off values for each specific drug to be implemented.

Currently it is not recommended to use liquid biopsy (circulating free DNA-cfDNA) for routine diagnosis of primary lung adenocarcinoma. In certain clinical con​di​tion when tumor tissue is limited or unavailable to existing diagnostic procedures, cfDNA assay may be used to identify certain mutations. The circulating free plasma DNA assay can be used to identify EGFR T790M mutations in lung adenocarcinoma patients with a prog​ression or with secondary clinical resistance to EGFR targeted tyrosine kinase inhibitors.

Pathological evaluation

The same pathologist (if possible) should evaluate all available material from the same patient, including biop​sy and cytology, to select the most appropriate sample for molecular testing. Tissue sections older than 4-6 weeks should not be used for immunohistochemical and molecular assays, in order to avoid non-informative or false-negative results.

It is recommended the report for pathohistological diag​nosis, immunohistochemical and molecular analysis is in a form of a single report and the interpretation of the results is understandable and useful to clinicians. It is recommended to describe both the method of analysis and the quality of the sample.

Pathology report should include the size of the sample (mm), size of tumor (mm), the presence of necrosis, in​fla​mmatory infiltrate, type and subtype of the carcino​ma, in accordance with the nomenclature and criteria of the 2015 WHO Classification of Lung Tumors [32].

The pathohistological diagnosis and molecular testing should be completed within 10 working days.

The pathologist is responsible for education and super​vision of the technical staff that is responsible for pre​paration of samples for molecular analysis.

Laboratories for histological diagnostics and molecu​lar testing should be accredited and participate in exter​nal quality tests in order to maintain quality control.

It is necessary for state authorities, Ministry of Health and Health Insurance Fund of the Republic of Macedonia to provide a budget for financing diagnostic procedu​res and treatment of patients with malignant lung disease in order to prolong survival and improve the quality of life.

Discussion

Patients with LC, especially when the disease is diag​nosed in the advanced stage and there is no possibility for radical surgical treatment, have average survival of one year. Still, in cases with adenocarcinoma, where specific molecular alterations are detected, targeted treat​ment with specific thyrosinekinase inhibitors or immu​notherapy provide significantly better prognosis and quality of life. According to the contemporary guide​lines, it is necessary to ensure precise molecular diag​no​sis for every patient with treatable LC mutations, for further planning of the optimal treatment. 

The new treatment options, but also the level or their accessibility, the high price of the molecular diagnosis and available treatment have opened a series of ques​tions concerning the exact indications, selection of pa​tients, the time-frame for obtaining the precise diagno​sis and the options in case of relapse after the first-line treatment. In searching for answers to these key ques​tions, in 2013, the IASLC issued comprehensive guideli​nes for the selection of LC patients for treatment with TKI [22]. Fast evolution of information in this field ledto the necessity of their revision in 2018 [21].

Taking into consideration the limited resources of the health system in Macedonia, we consider it necessary, when defining the diagnostic algorithm for LC in these recommendations, to offer answers to the following relevant key questions:

Key question 1: When should molecular testing be performed?
· On initial histopathological diagnosis 
· In cases of inadequate response or relapse after initial targeted treatment.
The selection of patients suitable for targeted treatment is “condition sine qua non“ of the contemporary app​roach to LC patients. The presence of sensitive muta​tions to TKI (although present in a small percent of patients with NSCLC; 32% for EGFR mutations [42]; around 4-5% of ALK rearrangement[43], 1-2% for ROS-1[44], have influence on further treatment, especially the choice of the pharmacological agent. Therefore, it is necessary to perform molecular testing simultaneously with the primary histological evaluation. The initial positive response to TKI usually persists for months, but unfortunately relapse occurs frequently. Re-biopsy in these cases often shows incidence of mutations di​fferent from thatinitially detected, which makes mole​cular retesting necessary.

Key question 2: Which patients should be tested for EGRF mutations and ALK rearrangement?

The compounds for targeted treatment in small cell LC are still in the phase of research, and routine testing for specific mutations is not recommended, except forthe purpose of clinical trials [45].

The consensus of the CAP, IASLC and AMP is clear that molecular profiling is indicated in all patients with advanced stage NSCLC[21, 22]. This especially refers to patients in stage IV, where expected survival is 4-5 months and treatment with TKI gives significantly better results [46].Reflex molecular testing in these patients (when the molecular testing is ordered automatically, by the pathologist, upon diagnosis of NSCLC, without waiting subsequent referral from the clinician) can mean saving precious time, but close communication between the pathologist and the clinician is necessary. Some of these patients might not be candidates for targeted treatment for reasons other than type of the cancer (general clinical parameters, availability, etc.). The actual dilemmas concerning determination of spe​ci​fic mutations in potentially resectable NSCLC pa​tients in TNM stages I, II and III are given in detail in the 2013 IASCL guidelines [22]. They support initial determination of EGFR and ALK, always when possible, because these patients are potential candidates for TKI (either upon disease progression or because of re-staging in a more advanced stage after surgical resection). Ini​tial testing in these cases avoids repeated interventions for re-biopsy and prevents problems of long-term sto​ring of pathologic material and miscommunication bet​ween the institutions involved in the process. Besides all, some of these patients shall never become candidates for targeted treatment, which imposes that each country should adapt the guidelines according to the local circumstances. Unfortunately, in Macedonia LC screening is on a very low level, and still not im​posed as government or health care policy and most of the patients are diagnosed in advanced stages of the disease. On the other hand, the communication between clinicians and pathologists is well established and effi​cient, and there are only a few referral centers in the country for pathology and pulmonary interventions. Therefore, we think that reflex testing is an adequate option for our circumstances. 

The recommendations for molecular profiling also depend on the histopathological type of LC.
1. In small cell LC no molecular testsare established for molecular profiling for specific targeted therapy, and it is not recommended for routine evaluation of patients.
2. Non-small cell LC, histologically defined as adenocarcinoma (level of evidence A) [21,22]. 
· EGFR molecular testing should routinely be done in all patients diagnosed with lung adenocarcino​ma. No patient should be excluded from the oppor​tunity to be tested based on clinical characteristics. 
· АLK molecular testing should be used for selection of patients for ALK-targeted TKI therapy in all patients diagnosed with lung adenocarcinoma. No patient should be excluded from the opportunity to be tested based on clinical characteristics. 
· ЕGFR and ALK testing arerecommended in ade​no​car​cinoma and mixed LC with adenocarcinoma component, NSCLC and NSCLC-NOS.
· In limited casesEGFR andALK testing can be performed in other histological types (squamous and small cell), where adenocarcinoma component cannot be completely ruled out, depending on the clinical features of the patient (in younger patients, and non-smokers).
· In lung adenocarcinoma, testing for EGFR and ALK should have priority over other molecular biomarkers.

· ROS1 testing has to be done in all patients with lung adenocarcinoma, regardless of clinical characteristics.
· Immunohistochemical (IHC) analysis for ROS1 can be used as a screening test in patients with lung adenocarcinoma; still, positive ROS1 on IHC should be confirmed with a molecular method[9].
· In patients with nonsquamous LC, if targetable driver mutations-EGFR, ALK and ROS rearran​ge​ment are not present, we recommend testing for PD-L1, inselection of patients for immunotherapy (for application of each specific treatment, the de​di​cated protocol for evaluation should be applied, with the recommended cut-off values for every specific compound).

· Molecular testing for BRAF, RET, ERBB2 (HER2), KRAS and MET is not indicated as routine analy​sis, out of the context of clinical studies. It is ade​quate to include these analyses as part of wider testing panels, and performed either at the begi​nning or if routine testing for EGFR, ALK and ROS1 are negative.
3. Non-small cell suamous lung carcinoma  
· In patients with proven squamous lung carcinoma testing for PD-L1 is recommended, in selection of patients eligible for immunotherapy (for each specific compound, the relevant protocol for evaluation should be done and determined cut-off values taken into consideration)[9].
Key question 3: Which methods should be used to perform molecular testing?
· IHC is an equivalent alternative to FISH for testing for ALK. 
· Multiple genetic sequential panels are preferred over multiple single-gene tests to identify other treatment options apart of EGFR, ALK and ROS1.
· The laboratories should provide results thatare unexpected, inadequate, biased or with low level of confidence to be configured or resolved by using an alternative method, or sample.
Key question 4: Which tests are recommended for patients with mutations, who relapsed after first-line targeted therapy?
The key mechanism for incidence of secondary resis​tance to first generation EGFR-TKI (erlotinib and gefi​tinib) is the occurrence of T790M mutation on the same allele for EGFR, which blocks the inhibition of the mutated protein by the targeted therapy. Patients with sensitized EGFR mutations, who relapsed after EGFR-TKI treatment, may benefit from the treatment with third generation EGFR-TKI [47]. Detection of EGFR T790Mmutation is a parameter for selection of patients who are candidates for this treatment.

· In patients with lung adenocarcinoma, sensitized to EGFR mutations and progressed after treatment with EGFR-TKI, we recommend testing for the presence of EGFR T790M mutation necessary for determining patients eligible for third generation EGFR-TKI treatment.
Key question 5: What is the role of testing for cir​cu​la​ting DNA (cf DNA) in LC patients (liquid biopsy)?
· At the moment, liquid biopsy (cfDNA) is not re​co​mmended for routine diagnosis of primary lung adenocarcinoma.

· In certain clinical settings, where the amount of tissue is limited and not enough for molecular tes​ting, and/or the patient is not fit for biopsy, cfDNA testing can be used for identification of EGFR mutations.
· Methods for determination of cfDNA can be used to identify EGFR T790M mutations in patients with progression of lung adenocarcinoma or when secondary clinical resistance to EGFR-TKI deve​lo​ped; testing of tumor sample is recommended if plasma result is negative[22].
Key question 6: When should the samples be tested for EGFR mutations and АLK rearrangement?

· The basic, mandatory molecular analyses (ROS1, EGFR, ALK in act) should be done immediately (in the same act) with the histopathological analysis of the material.
Key question 7: How rapidly should the result from molecular testing be obtained?
Unlike treatment with classical platinum-based che​motherapy, the clinical effect and the response to tar​ge​ted therapy areoften rapid, and side effects smaller [48]. Some authors recommend to startanti EGFR treat​ment even before detecting the presence of specific mutation, but we think that such an approach is me​di​cally and economically inadequate, especially because the types of LC with so called “wild-type“ EGFR mu​ta​tions respond better to platinum treatment [49,50]. It is technicaly possible to complete thehistological and subsequent molecular analyses within 5 to10 days. Commencing the treatment as soon as possible is essential, especially in those patients where LC was detected in late stage, where expected survival counts in weeks. Postponing the treatment in these cases can be fatal, which is why this consensus report reco​mmends that:
· Histological and molecular testing should be con​cluded within 10 working days.
· The laboratories for molecular testing should be accredited and take part in external quality testing in order to maintain accreditation.
· We recommend that the report for the histopa​thological diagnosis, immunohistochemistry and molecular analyses should be issued as an integral report and the description of the results should be clearly understandable to the clinicians. The met​hod employed for analysis and the quality of the sample should be described.
In order to simplify the processing of the patients, we are presenting the summary recommendations for pla​nning of molecular typisation in NSCLC as an “Algorithm for molecular testing” (Figure 1), adapted fromthe Alas for ALK and ROS1 testing from 2016 [51].

Conclusion
The role of molecular testing in treatment of lung cancer is developing rapidly. This implies the necessity of continuous revision of the basic recommendations, created on the basis of the analyses of the results from numerous studies published by relevant authorities, such as the College of American Pathologists, the Inter​national Association for the Study of Lung Cancer and the Association for Molecular Pathology. After detailed revision and control, most of those recommendations were approved by the American Food and Drug Agency. Thus, the targeted therapy became available for lung cancer patients. 

The Macedonian Respiratory Society and the Macedo​nian Association of Pathology intensively follow the scientific achievments in this field and work on conti​nuous education of physicians for application of evidence-
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     Fig. 1. Algorythm for molecular testing
based medicine, by updating the recommendations for diagnosis and treatment of lung cancer patients. Clear​ly, it is inevitable that, in order to implementthe con​temporary guidelines, it is neccessary to raise aware​ness of the state authorities about these processes.In order to assure that the Macedonian healthcare follows the European and world standards with the final goal to improve the survival of lung cancer patients, pla​nning of the management of the health care system must assure a dedicated budget for: 

1. Early detection of lung cancer by developing and realizing a program for lung cancer screening (according to the recommendations of NLST and NELSON), and 

2. Financing of the diagnostic procedures and treat​ment of patients with malignant lung diseases.
Certainly, there are a lot of unanswered questions, but it is important to begin from a starting point, such as early detection of LC, to obtain adequate and efficient diagnosis, as well as treatment of the patients with advanced LC, which altogether shall enable rational use of the healthcare budget of the country, and provide optimal care for the patients.
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